Introduction
Twin-singleton mortality differences in early ages are an important source of child inequality in all societies. Owing to the unfavorable fetal conditions of twins resulting in growth retardation and low birth weight, their risk of death within the first year of life is significantly higher than that of singletons by a factor ranging from 3.46 times greater in Gambia (Miyahara et al. 2016) to 5 in the United Kingdom (ONS 2012) and Sweden (Cheung, Yip, and Karlberg 2000) , and 6 in the United States (Almond, Chay, and Lee 2005) . This gap is also observed in all sub-Saharan African countries (Pongou 2013; Smits and Monden 2011) .
These mortality inequalities mean that a large number of twins are missing. In 2006 there were about 125 million individuals in the world who had been born as twins (Oliver 2006) . This figure represents about 1.6% of the world population, which is far below the proportion of twin births in most societies, which is around 3% (Pison, Monden, and Smits 2015; Smits and Monden 2011; Monden and Smits 2017) . These figures indicate that at least 100 million twins -about half of the twin population -are missing; that is, if there were no differences in mortality rates between twins and singletons, there would be at least 100 million more twins than the world currently has.
Moreover, the inequality of mortality between twins and singletons also raises the possibility that surviving twins may experience important health and developmental problems that compromise their ability to accumulate human capital as they age (Black, Devereux, and Salvanes 2007; Almond and Currie 2011) . This constitutes a fundamental equity problem in the areas of population and health.
This paper addresses the question of how long the twin-singleton difference in mortality rates persists as children age. We conduct our analyses using individual-level data from 99 Demographic and Health Surveys collected in 34 sub-Saharan African countries. The data shows that 3.2% of all live births in this setting are twins, a figure comparable to those found in the United States and many European countries (Almond, Chay, and Lee 2005; Pison, Monden, and Smits 2015; Smits and Monden 2011) .
We document twin-singleton mortality differences from birth to the age of 25. We can look at mortality only to the age of 25 because our data goes to only this age. However, being able to study mortality in this age interval already represents a significant advancement, especially given the paucity of good data on twins in most countries.
We show that twins are at a disadvantage in early ages, but this disadvantage gradually decreases and almost disappears after age 5. The twin-singleton difference in the probability of death falls from 210 per 1,000 in the first year of life to less than 2 per 1,000 after age 5. Further analyzing mortality differences within the first year of life, we find that these differences are mostly concentrated in the neonatal period. These results show that the 'missing twins' phenomenon originates very early in life.
We also examine twin-singleton differences across cohorts over time. Mortality has declined over time; our objective here is to determine how twin-singleton differences in mortality have changed among successive cohorts.
Our paper adds to the large literature on health and survival inequalities. Several studies note higher mortality in twins than in singletons in different contexts (Cheung, Yip, and Karlberg 2000; Almond, Chay, and Lee 2005; ONS 2012; Pongou 2013; Miyahara et al. 2016; Monden and Smits 2017) . Researchers who focus on sub-Saharan African countries include Pongou (2013) , Miyahara et al. (2016) , and Monden and Smits (2017) . In particular, focusing on the period from 1995 to 2014, Monden and Smits (2017) find that the decline in under-age 5 mortality and in neonatal mortality during said period was lower for twins compared to singletons. They also find that parental socioeconomic status, place of residence, and birth weight are significant predictors of mortality among twins and singletons.
Our paper differs significantly from all the abovementioned studies in that we focus on the timing of mortality convergence between twins and singletons. For this purpose, we follow children up to the age of 25, whereas all the abovementioned studies limit their investigation to children under the age of 1 or 5, and none of them study the twin-singleton mortality convergence. In addition, by covering a larger number of countries and a longer period of time, we are also able to study mortality convergence by birth cohort. Our study is indeed the first to document the timing of mortality convergence between twins and singletons and to show that the 'missing twins' phenomenon originates in very early ages.
The rest of this paper is organized as follows. The next section describes the data and methods. Section 3 presents the results, and the last section provides concluding remarks.
Data and methods

Data
We use data on all live births recorded in 99 Demographic and Health Surveys collected in 34 sub-Saharan African countries between 1990 and 2013 (a supplementary table with data on the countries, surveys, and sample sizes is available from the corresponding author on request). For each birth, the survey provides information on the age of the child at the time of the survey if the child is alive, the age at death if the child is dead, sex of the child, and twinning status. The data is on 3,048,923 deliveries, of which 1.7% are twin deliveries. The corresponding number of children is 3,099,780, of which 3.2% are twins.
Methodology
We use survival analysis methods to document differences in mortality and survival rates of twins and singletons by age, measured both in months and years. We treat the very large sample of births as a random sample of births drawn from the 34 countries covered by this paper. Our estimates are based on unweighted data. However, we note that use of sample weights yields very similar results. The maximum age considered is 300 months (25 years). A child is included in the sample of month/year t if she has survived to month/year t. If a child dies in month/year t, she is not included in the sample in month/year t+1. We consider that mortality converges when the difference between twin and singleton mortality rates falls below 2 per 1,000 and remains below this value as children age (the Millennium Development Goal target of child mortality for developed countries was 5 per 1,000).
Results: Mortality and survival of twins and singletons, by age
Figure 1 displays mortality rates by age in months for the first year of life. An important twin-singleton mortality difference is evident during the first 12 months. Twins have lower survival throughout these first 12 months, with the differences being especially marked in the first few months of life. Mortality of twins is nearly five times as high as that of singletons in the first month, presumably due to a greater incidence of biological problems (e.g., birth defects) among twins. The ratio of mortality rates of twins to those of singletons decreases almost monotonically from about 5 in the first month to about 3 in the next few months, reaching 1.7 in the 12 th month.
Figure 1: Mortality by age (in months), 1 to 12 months
Mortality of twins and singletons by age in years is shown in Figure 2 . The substantial difference in the first year, already noted, is apparent. The differences diminish as age increases. As shown in Table 1 , which provides age-specific mortality rates of twins and singletons separately by sex, by age 5, the twin-singleton mortality difference has fallen to 2 per 1,000. Beginning with age 6, the difference falls to 1 or zero per 1,000 and remains that low up through the early 20s. Hence, we consider that convergence of mortality of twins and singletons occurs by age 6. Male mortality of both twins and singletons exceeds female mortality up through about age 10, and especially in the first year of life.
The data by age shows that mortality of twins is more than 3 times that of singletons during the first year of life, but this factor falls to 1.7 and 1.4 in ages 2 and 3, respectively. Beginning with age 6, twin mortality remains slightly higher at some ages, but by age 7 the overall mortality has dropped to an average of 4 per 1,000. Between ages 8 and 20, the overall mortality is below 4 per 1,000. When it comes to cohort trends in mortality and survival of twins and singletons, we now analyze time trends in the twin-singleton mortality difference. We use data collected since 1990 from women aged 15 to 49 at the time of the survey. The data therefore provides detailed information on births that date back more than 34 years prior to the survey, which allows us to monitor mortality over time.
It is well known that child survival in sub-Saharan Africa has markedly improved over the years, mainly due to important improvements in neonatal care and vaccination against infectious diseases. The annual rate of reduction of the infant mortality rate increased from 1.6% in the 1990s to 4.1% in 2000 (United Nations 2015 .
Prior studies have not, however, looked at whether these improvements differ for twins and singletons. We investigate this question. Figure 3 displays the survival of twins and singletons by decade of birth (1960s, 1970s, 1980s, 1990s, 2000s, and 2010-2013) . It shows that survival has improved for both twins and singletons over the years. Also, the twin-singleton mortality difference has narrowed, but the higher mortality of twins has persisted. For example, during the infant period, when children are at their highest mortality risk, a twin had a 30-percentage point greater risk of dying in the 1960s, about a 20-percentage point higher risk of dying in the 1970s to 1990s, and only a 15-percentage point greater risk of dying after the year 2000. 
Conclusion
This paper examines twin-singleton differences in mortality risk through the age of 25. We find an important difference in the first year of life, but the difference decreases with age and practically disappears after age 5. After the age of 6 all children are exposed to a very low annual mortality risk (less than 5 deaths per 1,000 children overall). This might be explained by both the selection effect, because most vulnerable children died before age 5, and the fact that by that age many children are already immunized for some infectious diseases and are less vulnerable to health problems. Our finding that twins have much greater mortality risks than singletons in early ages is consistent with other studies (Cheung, Yip, and Karlberg 2000; Almond, Chay, and Lee 2005; ONS 2012; Pongou 2013; Miyahara et al. 2016; Monden and Smits 2017) . These studies, however, limit their analysis to children under 1 or 5 and therefore do not study mortality convergence between twins and singletons. Our study is the first to conduct this analysis, yielding new insights into how mortality inequalities change across ages.
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